The last five have been grouped together merely because the etiology is in every case uncertain. Four of them, 73222, 29122, 80351 and 62246, conformed more exactly than any of the other patients in the series to Epstein's (2) description of nephrosis. The origin of the disease was insidious, without antecedent infection and unaccompanied by hypertension; azotemia was observed only in 73222 for a short time after admission; hematuria was absent or minimal. Tozai protein, per cent Fic. 2 
. THE RELATION OF EDEMA TO THE SERUM PROTEINS
Elstimation of the degree of edema is quite rough. +-i indicates slight puffiness of the feet noticed by ambulatory patients at the end of the day;, -1-represents persistent, demonstrable swelling of the feet; 2+ more extensive subcutaneous edema; 3-subcutaneous edema and serous effusions-, 4± extreme general anasarca.
Oncotic pressure was calculated from the serum protein values by the factors of Gov%,aerts: (5.5 X per cent ablumin) + (1.4 X per cent globulin) = oncotic pressure in mmn. H-g.
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With proteins between 4 and 5 per cent edema was sometimes present, sometimes absent. Altogether, demonstrable edema was observed 36 times when the proteins were within this range. Of these 36 observations 20 were made either before treatment was instituted or during periods of diuresis. In these cases either treatment was effectual in eliminating edema or else the serum proteins fell below 4 per cent. Edema persisted in case 83166, in spite of the fact that the proteins rose above 4 per cent, during an intercurrent attack of acute nephritis. In acute nephritis edema does not seem to depend directly on the serum protein level (5, 6, 7) . In another instance, case 73222, there was a transitory rise of protein to 4 .04 without diuresis during the terminal period of septicemia when the patient had been vomiting continuously. One of the observations was made on case 15544, the patient with heart failure noted above; 8 on case 34854, who proved to have rheumatic heart disease. The 3 remaining instances represent merely transitory rises to between 4.0 and 4.1 per cent.
In this series, therefore, it proved possible in every instance to eliminate edema by treatment when the proteins persistently exceeded 4 per cent, unless there was concomitant cardiac disease with decompensation or a complicating acute nephritis or septicemia. The treatment employed consisted of restriction of salt to 2 grams or less of NaCl daily, with little or no restriction of fluids. In addition ammonium chloride or urea or both were given when salt restriction alone proved ineffectual. Under more strenuous treatment it might have been possible to eliminate edema at lower serum protein levels.
In similar studies Moore and Van Slyke (5) found edema in no case when the serum protein exceeded 5.5 per cent. Fahr, Kerkhoff and Conklin (8) , found proteins below 4.8 per cent in patients with nephritic edema.
The relation of edema to serum protein fractions and oncotic pressure When the proteins were fractionated (see Figure 2) , the results obtained were in accord with those of previous observers in showing that the deficiency involves chiefly, if not entirely, the albumin fraction. Globulin lay within normal limits or was slightly elevated. The relation of this hyperglobulinemia to the underlying infectious processes has already been mentioned. From molecular weight determinations (9, 10) it has been established that the albumin molecule is smaller than that of globulin. A given concentration, by weight, of albumin, therefore, must exert a greater osmotic pressure than the same concentration of globulin. Govaerts (11) has estimated that the osmotic pressure of a 1 gram per cent solution of albumin in serum is 5.5 mm. Hg, while that of a similar solution of globulin is only 1.4 mm. According to the theory of Starling (12) a specific deficit of albumin should be more effective in producing edema than an equivalent reduction of albumin. It might be hoped that the albumin deficit or, better still, the oncotic (colloid osmotic) pressure, estimated by the factors of Govaerts, would be related to the occurrence of edema more closely than the total serum proteins.
In the present series of cases the correlation of edema with either albumin concentration or oncotic pressure ( Figure 2 (13) has reported a case of nephrosis with syphilis in which serum globulin was sufficiently increased to compensate osmotically for a considerable albumin deficiency and to prevent edema. The authors have encountered a similar case with general myelomatosis. The total serum proteins varied from 9.8 to 13.1 per cent, the albumin from 2.2 to 2.9 per cent, the globulin from 7.1 to 10.6 per cent. The oncotic pressure of the serum calculated by Govaerts' factors varied 946 from 24.9 to 30.3 mm. Hg. Although the albumin was reduced to the point at which edema is prone to occur in nephritis, the estimated oncotic pressure lay at all times above the level at which edema has been found to appear.
In the present study edema was present on every occasion when the serum albumin was below 2 per cent, but in only one instance when it exceeded 2.75 per cent. This exception is the case (83434) with heart block noted above. The In the literature much weight has been attached to the albumin: globulin ratio. As it has been established that the concentrations of these two protein fractions in the serum are determined by entirely different factors and that the two fractions are probably functionally unrelated (1) , the value of employing such a ratio is doubtful. It is not the proportion of albumin to globulin, but the absolute concentration of albumin, that is important in the edematous nephritides. A low albumin : globulin ratio due to reduction of albumin has a significance entirely different from that of an equally low ratio due to elevation of globulin.
The causes of the serum albumin deficiency That the serum protein deficiency is not due simply to altered blood volume could be inferred from the fact that the two protein fractions are not equally affected. More di'rect evidence is found in studies of the serum volume. Linder, Lundsgaard, Van Slyke and Stillman (14) 947 made repeated determinations of the serum proteins and the serum volume (by the dye method) in a group of patients with chronic nephrosis or nephrotic glomerular nephritis. In no case was the serum volume appreciably above normal. Fluctuations of serum proteins and variations of edema were not attended by comparable changes of serum volume. Brown and Rowntree (15) (1, 20) it has been shown that serum albumin is regularly low in patients with malnutrition and may be restored to the normal level by the administration of diets with high protein and high calories. Ling (21) Some of the subjects at the height of their edema, weighed considerably less than the sum of the normal body weight plus the weight of edema. For example, 73222, who was 6 feet tall and normally weighed 79.5 kilos, weighed only 81.8 kilos when he was admitted to the hospital with massive, generalized, subcutaneous edema, ascites and double pneumothorax.
Others when they had rid themselves of their edema were found to be far below normal weight, emaciated shadows of their former selves. The best example of this is found in 61090, whose data are presented in detail in Table 1 . When she was admitted to the hospital with general anasarca she weighed 96 kilos. When all her edema had been eliminated she weighed only 45.4 kilos in spite of the fact that she had put on tissue, as evidenced by a large positive nitrogen balance. Her usual weight before the onset of the nephritis had been 67.3 kilos. The subsequent history of the case is significant. On a high protein diet she resumed her normal weight and her serum proteins gradually rose from an initial low point of 3.20 per cent, July 6, 1927, to 6.96 per cent, January 29, 1930 , in spite of persistent proteinuria. In the latter part of 1930, two and one half years after the onset of the disease she reduced her diet somewhat in the interest of her figure. The proteins, on November 13 (25) , Rabinowitch and Childs (26) , and Cowie, Jarvis and Cooperstock (27) .
Of especial importance are the 7 patients who did not appear to be unmistakably malnourished: 51883, F. M., 95123, 31190, 29122, 80351 and 62246. In two of these, 31190 and 29122, seen before the importance of the nutritive state was recognized, the data are too incomplete to permit adequate analysis. F. M., a patient with a chronic glomerular nephritis with moderate albuminuria, had normal serum proteins and no edema. Number 51883, with a similar condition, was free from edema and had a slight serum protein deficiency, 5.31 per cent. He had subsisted for some time, under the directions of his physician, on a low protein diet. With only 75 grams of protein and 3000 calories he stored, in 15 days, nitrogen equivalent to 151 grams of protein. During this period the serum proteins rose to 5.68 per cent. Number 80351 had recurrent transient attacks of nephrosis, each one of which terminated rapidly after admission to the hospital, with apparently complete restoration of renal integrity. Each one of these attacks was initiated by a period of anorexia, nausea and vomiting, necessitating restriction of diet. During the one period in the hospital in which nitrogen metabolism was determined, a considerable amount was stored. At the same time the serum proteins rose from 3.87 to 4.81 per cent while the urine protein excretion remained constantly between 5 and 7 grams per day. In an earlier period, with a urine protein excretion of only 2 grams per day, under the influence of similar digestive disturbances, the serum proteins fell from 6.79 to 5.97 per cent, while the weight diminished from 69.5 to 66.8 kilos. Edema did not appear. The important data in the case are presented in Table 2 .
Number 62246, when she first entered the hospital, appeared distinctly obese, and her subsequent course clearly indicated that this appearance was due to substantial fat deposits in addition to edema. Nevertheless, the serum proteins were reduced. Again, as in the last case, the chief symptoms were referable to the digestive tract, anorexia, nausea and vomiting. These symptoms effectually thwarted attempts to give a high protein diet. Over a period of 5 months the average protein intake per day in no period exceeded 70 grams and for the first 2 months was only 50 grams. Meanwhile the edema stubbornly resisted treatment and the serum proteins as persistently remained below. 4 per cent. Six months after her first admission the digestive disturbances began to diminish and her diet gradually increased. Unfortunately the next blood examination was not made until 10 months later. By this time the proteins had risen to 4.53 per cent and she had only occasional orthostatic edema. The proteins in another 3 months had risen to 5.25 per cent with disappearance of the last vestiges of edema, although the proteinuria remained apparently unaltered. Further investigation of the effects of diet were frustrated by complete disappearance of the nephrotic syndrome with apparent restoration of normal kidney function. The important data in this case are presented in Table 3 .
Case 95123 (see Table 4 ) was first seen in June 1928, when edema had persisted for a period of 6 years, under treatment consisting chiefly of protein restriction. At this time her excessive weight of 86.2 kilos was only partly referable to edema, chiefly to adiposity. The serum proteins were 4.07 per cent. Under treatment with a diet of 80 grams protein, 2000 calories, moderate salt restriction and urea, the edema disappeared and the proteins gradually rose to reach 5.89 per cent in November. About this time in behalf of her figure, at the request of the patient, the calories were reduced to 1500. The serum proteins had again dropped below 5 per cent by May, 1929, and after this failed to rise again even when protein and calories were apparently greatly increased. Subsequent questioning revealed the fact that the patient had not followed her diet prescriptions faithfully, fearing return of her obesity. The extent of her dietary lapses could not be ascertained. Shortly after the examination of May 22, 1930 , which marked a new low point of 4.41 per cent for the serum proteins, she reduced her diet more drastically and, when edema shortly appeared, attempted vainly to check her rising weight by further restrictions. Although, when she returned for observation in November, she had subcutaneous edema and ascites, her weight was not appreciably greater than it had been at With salt restriction, a high protein diet, 2500 calories, and initial use of urea, the edema gradually disappeared when the protein rose above 4 per cent and the albumin above 2.3 per cent.
The evidence of protein depletion in these last cases, though not unequivocal, is distinctly suggestive. If it is accepted, it is clear that malnutrition in the sense of protein wastage is not incompatible with obesity. In a limited sense this has already been proved by studies of the dietary treatment of obesity. Under such treatment there is invariably an initial negative nitrogen balance which does not parallel the loss of body weight. At first nitrogen loss is great in proportion to weight loss; later it diminishes or ceases while the weight continues to fall (28) . The Although 95123, in the earlier periods of study, after the elimination of edema, lost weight extremely slowly on diets of 1500 or 2000 calories, when her weight had fallen and the serum proteins were low, her weight 960 remained almost constant on 3500 calories, although her basal metabolism was below normal, giving an estimated basal caloric requirement of only 1340 calories a day. Case 61090 gained weight only slowly on diets containing 3000 to 4000 calories.
Basal metabolism
Epstein (2, 30, 31) , called attention to the frequent reduction of the basal metabolism in nephrosis, linking it with the lipemia, especially the hypercholesterolemia, and finding in it an indication for and an explanation of the beneficial effects of thyroid medication, which had been advocated by Eppinger. In Epstein's reported cases low basal metabolism occurs more consistently than it does in the literature in general. Nor have others been so uniformly successful with thyroid in the treatment of edema. In the present study basal metabolism was determined 32 times in 10 cases by means of the Roth-Benedict apparatus. In only 6 instances, twice in 61090 with glomerular nephritis, 3 times in 34753 with amyloid nephrosis, and once in 62246 with idiopathic nephrosis, was the basal metabolism below -15 per cent. In 6 instances it was above 0, 4 times in the presence of edema. On the whole it seemed to be lowest during the most edematous periods and to rise as the edema disappeared and the general condition improved. However, in 80351, with idiopathic nephrosis, it was -2 and -7 on two occasions in the absence of edema, -4 in one of the edematous periods.
The reduction of basal metabolism that accompanies malnutrition has long been recognized (32) and is emphasized in Ling's (21) reports on famine edema. He found that edema in itself tended to reduce the metabolism (estimated in terms of body surface area) "because the organism is diluted by a large mass of inert fluid." Malnutrition also had an effect. As nutrition improved the metabolism rose sharply at first with the disappearance of edema, more gradually later as nutrition improved. If nephritic edema is attended by malnutrition there is every reason to expect low basal metabolism, especially in the presence of edema.
Therapeutic implications Epstein (33) was the first to attach any significance to the reduction of serum albumin as an indication for therapy. Assuming, logically, that the low serum albumin was a direct result of leakage of such albumin into the urine, he advocated the administration of high protein diets to patients with nephrosis. Since (20, 29) . Although none of these patients were given more than 125 grams of protein daily, the capacity to store the excess protein with maximum efficiency was definitely surpassed.
In the present series of nephritic patients the amounts of protein taken seldom exceeded 125 grams and were usually much smaller. In most cases they were limited less by the physicians than by the appetites and digestions of the patients. When the patients were not afflicted by any complicating wasting disease and were able to consume over long periods enough protein to supply the endogenous metabolic needs plus enough to replace that lost in the urine and a further additional amount to restore previously depleted tissues, the serum proteins rose and edema disappeared. Although proteinuria continues unchanged, such patients have been enabled to pursue normal active lives for periods of years. This is true not only of patients with apparently idiopathic nephrosis, but those with the nephrotic form of glomerular nephritis, such as 61090 and 95123. Case 56577 shows that even a patient with amyloid nephrosis may become free from edema and undergo a temporary remission if the underlying chronic infection becomes sufficiently arrested to permit restoration of the normal nutritive state.
Whether this treatment has any definite effect in checking the progress of the disease and aiding repair of the renal lesion is doubtful, although it is not unreasonable to suppose that, by improving general health and nutrition, it may facilitate reparative processes. Two of the patients in this series, 80351 and 62246, appear to have recovered completely, the latter after an illness of almost three years' duration.
Berglund and Scriver (34), Cowie, Jarvis and Cooperstock (27) 19 grams of protein daily. On discharge he was free from edema, the blood nonprotein nitrogen was 30 mgm. per 100 cc., and the urine contained no red blood cells, although the proteinuria had not diminished. The patient has not been seen again.
61711: A boy, aged 5, developed generalized edema after a sore throat and otitis media, in November, 1926. He was admitted to the hospital September 11, 1927, with general anasarca, secondary anemia, a blood pressure of 100/80, blood nonprotein nitrogen 22 mgm. per 100 cc., and urine containing large amounts of protein without macroscopic or microscopic blood. He failed to respond to any therapeutic measures, had repeated upper respiratory infections (apparently due to the hemolytic streptococcus) and finally died January 2, 1928, of hemolytic streptococcus septicemia with peritonitis. Autopsy revealed in the kidneys glomerular nephritis, extensive tubular degeneration and focal lesions, presumably connected with the septicemia.
61090: An unmarried woman of 29, in March, 1927, developed generalized edema without any antecedent infection. She was admitted to the hospital 964 PETERS, BRUCKMAN, EISENMAN, HALD AND WAKEMAN July 7 with general anasarca, blood pressure of 160/108, phenolsulfonphthalein excretion of 15 per cent, a blood nonprotein nitrogen of 77 mgm. per 100 cc. and a urine containing 10 to 15 grams of protein daily, many casts, a few leucocytes, but no red blood cells. After a period of resistance to treatment she developed a profuse diuresis and improved rapidly. At the time of discharge, October 31, she was free from edema, with a blood pressure of 124/96, blood nonprotein nitrogen of 29, without change in the urinary picture. The blood count gradually returned to normal and she improved steadily after her discharge. She was soon able to resume her occupation as cook and houseworker and felt entirely well until December 18, 1930, when she developed a severe upper respiratory infection. Edema recurred and she was finally admitted to the hospital January 21 with moderate general anasarca, but with normal blood pressure and a blood nonprotein nitrogen of 30. She improved rapidly under treatment, was discharged February 2 free from edema and was able to resume work a little later. The urine from the first observation to the present time, June 10, 1931, including the symptomless periods, has remained unchanged, always containing large amounts of protein, many casts and a few leucocytes, with only occasionally rare red blood cells.
34864: A Polish male, aged 29 , was admitted to the hospital October 14, 1924 . Two years earlier after an acute polyarthritis he developed general anasarca, hematuria and lumbar pain. These symptoms persisted with exacerbations and remissions, the former usually accompanying sore throats. On admission he presented general anasarca, secondary anemia, a blood pressure of 155/95, a phenolsulfonphthalein excretion of 45 per cent, blood nonprotein nitrogen of 43 mgm. per 100 cc., and urine containing 10 to 15 grams of protein daily, many casts, some leucocytes, and, at intervals, numerous red blood cells. In addition the heart was enlarged, a loud systolic murmur was audible over the whole precordium, the spleen was considerably enlarged and hard, and he exhibited intermittent tenderness in both costovertebral angles, occasional arthritic manifestations and irregular fever. Under treatment, after a considerable latent period, he developed diuresis. and improved greatly. When discharged, on December 22, he was free from edema, the anemia had improved, the blood pressure was 131/85, the blood nonprotein nitrogen 28 mgm. per 100 cc. The urine was unchanged. Just after his discharge he caught cold, developed pneumonia, and was admitted to a Hartford Hospital with recurrence of all the nephritic symptoms. June 23, 1925, he was readmitted to the New Haven Hospital, where he remained until his death, October 8, 1925 . Except for greater emaciation and anemia his condition was essentially the same as it had been on the previous admission. Under strict treatment he could be kept free from edema; blood pressure and blood nonprotein nitrogen remained normal. Irregular fever and intermittent temperature persisted, hematuria was more frequent and profuse and he suffered from attacks of sharp pain in the regions of the spleen 965 and kidneys. September 19 he had a transient attack of unconsciousness, followed by vomiting and severe headache. The spinal fluid was found to be bloody. October 8, he had a sudden convulsion and died a few hours later. Autopsy revealed a cerebral hemorrhage, a small, fresh vegetation on the mitral valve, old and fresh infarctions of spleen and kidneys. In the latter there were also extensive tubular degenerations, signs of chronic and acute glomerular nephritis, and lesions of a more acute, probably bacterial, diffuse focal nephritis. March, 1930 , all signs of renal disease had disappeared. There has been no recurrence up to the present time (July, 1931) . Industrial mercury poisoning may have been the etiological factor in this case.
62246: A female, aged 30, in June, 1927, without antecedent infection, developed edema of the feet and some breathlessness. These symptoms lasted only about 2 weeks, but recurred again in October, when albuminuria was discovered. When she was admitted to the hospital, November 1, 1927, she had moderate edema of the legs, thighs and lower back, slight anemia, a blood pressure of 105/75, 30 per cent phenolsulfonphthalein excretion and a blood nonprotein nitrogen of 32 mgm. per 100 cc. The urine contained about 10 grams of protein daily, with occasional casts and leucocytes, but no red blood cells. The edema, although moderate, was extremely resistent to treatment. The patient suffered continuously from anorexia and digestive disturbances. However, she improved gradually and, by October, 1928, the edema had disappeared, although the proteinuria persisted unabated. She was seen at infrequent intervals without evidence of change in the condition until in May, 1930, a distinct reduction of the proteinuria was noted. Shortly after this date the urine cleared completely. Examination in October, 1930, revealed no evidences of renal disease.
